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(57) [£*tj] 

[II] «lB«*<SO|fil±«:BM<tL-T»S©aHlC 

7*5?-. U-7r-f 

1 , Si. Ge, Ti, V. Cr, Zr. Nb. Mo, 
Hf, Ta, W©(t»a»S«tfnfclM2t±©!|MC£a»& 
^5. ff^O. 5nraRl, 1 0 nmJ!y.T©*I-&li£^ 



» 

( 2 ) 

1 

im^mii mmt. b. ai, si. 

Ge, Ti. V, Cr. Zr, Nb, Mo, Hf, T 
a. W©cfi*^S«nfc l8£UiCD#>K<!:fr£ft-5> JP 
$0. 5nmEUi. 1 0 nm£t.T©2g^lia<^J5££n. 

[S*«2] «*J<h^m^i»M{CB. AI, Si, 
Ge. Ti, V. Cr, Zr. Nb, Mo. Hf. T 

a. wotyfrzmtentcimM.-twyinfrZfs.ztpmM 10 

MUmtfrZUZmZ 0. 5nm£U:. 10nm£TF© 
g£JBT&D, «t»rajf©JP£#0. 5nmH110nni 

[R*3S3] if^JICDJP^O. 5nm«±, 5 nm 
WTT-ab^ H <b fT-5«*Jl 1 £ fete 2 »CfE«© 

a t %&T-e$>z>z.ii&%fm£-rz>m&m 1 ~ 
3©^i-rti^tcfa«<o«ffifflaM= 20 

[W*^5] ^I©?-7SSid?3 0 0 0a±, 7 
0 0 0«T^&5£<h£#tfc£T£lit#J§l~4©U-<r 

[0 0 0 1] 

[*MOJB-r*S«»fflF] *%BJite. I*. «M 
ffiA. ttfttfA. 3t#Wia. £*Att£Kji 

ffl $ n* ic wr * t» © t * s . 

[0 0 0 2] 

ifi^, x*. &au ttttttA&£Ki*. 30 

[0 0 0 3] #Jx.te*. #ffrffl 1 4 4 4 8 9 6 ^tJCte. & 
»«*t3S»tOlWK:, Mi»i$4a < 5 a. 6 aiK 

Mtl,Tm**mifimirfe»tlT\/**, 40 

[0 0 0 4] Sfc. ttmBl 9 4 0 8 8 3#te. 
>H«K£&JR#|sti©IS!fc:. Cf. T i £3£&£-r& 
Tift, S i tfcttG e Si#tt6±lO 2 1» 6ft 

TJi©Sg 1 *raiItea#t<Z>gt?a«:£, ±«©Sg2*FJ1 

[0 0 0 5] 2 6 2 8 5 9 5 ^flCte, C o , C 

r, N i f ^i*fclJ^*4'WItLT^t ; &> 
K«*-#>SMt4«^SnT6D. *F*S3I»©I8I 
Uli 1 0 nm~ 1 0 0 /tmtt^E^il^iilSnT 50 
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2 

US. 

[0 0 0 6] 4$S¥8-2 3 2 0 6 7 te. ®K^^«t 0 
»tt*»**^«f BUB* 1 IBfil±»tf*35rj*S»aEbXfc> 
£. 

[0 0 0 7] £ fc, 1 1-49506 tt. 

&<;:J:9£#&(Z>&R!l££±ff. ra^pJc-?-© 

[0 0 0 8] Z.<D&i)\ mM2 000-87218 te, 

K#tj£7t;i!li 1 0 — 5 0 0A©g-&Ji, & 
S«^®tCP$ 1 0~1 0 0 0 A©^/! £JE* 

#t*»KK*tt*J«7C*t36»6»:*J?S 1 0~5 0 0 
[0 0 0 9] 

ttt«Se.nTV^lr>. ^©MBirLTteTfS©^*) 

©a^A^ns. 

[0 0 10] £tT, EKfc^*ffl»£ffl^3*£. 

cooi i] ss<t«^»«Yt«i. mitm*. Tt&skmmt 

[0 0 12] S i ^GelZfcmmiZtilsTitmm&feV 

[0 0 13] £fc> K*«tt««)Tl£:**«J«V»»»T* 
U l5^ftBt-rS^ffi*ia&S^, ^©^flflJl©^ 

t*#*#«u mmMM\z-Dtz.tf o ^tu. co. c 

r. N i *©&«4>Mli£fcffiT«»£tf*3T«*.6. 
[0 0 14] &*f£M3lM, 

[0015] $e>tc. ^*^tt3 o ox:nkT t^^itm: 



i 

( 3 

3 

miz&m-t z> c t £• § m <t u t n -a . 

[0 0 17] 

[0 0 18] SfSfl 1 IC. 130. 5 nmRi:, 1 0 n 

JSt&Srf&tt-SfcOT'ifc-i),, g^»€r^T^>. &R*m 10 
fi. B, A 1 , Si. G e. Ti, V. Cr, Zr, N 
b. Mo. Hf. Ta. Vfcr>$>frt>mi£nfz 1 i«±C 

[0 0 19] #*m**£^tf<4>PpI1»li. 0M.tftirH¥l 
1 -4 9 5 0 6^t*lC=b^^>^. #fgglfCD#l8te> -e<35 
J»££iO. 5nm^f,10nmi#fl;iUu<!:i, f 

[0 0 2 0] £C32i-&Jf tt/P£#jS^fci5&. (^«$>-5JE 20 
?#-5ita6cDJLffi#l 0 nmT&-5>. 0. 5 nm* 

[0021] *##tt&tt*£tosn-&**»jWfc^ttT 

&mWftizl,TlZ. B. A 1 . Si, Ge, T i . V. 
Cr, Zr, Nb. Mo. Hf, Ta, W^jg^T* 
•5. ^ItlSWffTfc, 4tl£T i . V, CrWilK 
[0 0 2 2] »lr»jg^liS»rit-r**jgtt. #1*. 

»4$h 2000-87218 iz&immtmtt. * JtttK 

SS^JBK****^, Wi£©«fc3fc4f9:7 7''i HJiJifl- 
^filtSnaMlrtttta&nfc^. #3SWTtt&H£«*r 40 

[0 0 2 3] #f£BJT"{i!fS2©#tift<!:bT, 
^tOKtCB. Al, Si. Ge, Ti. V. Cr. Z 
r, Nb. Mo. Hf. Ta. W<Dtf^e»S«nfc 1 9 
£U:®ttK*>&&**IM*ftU *-©*|B]JI©4>ft< 

nm£U:. 1 0 nm^Tco^-g-HTSD. 4>fWll©ff2 
d*0. 5nmilU:, 1 0 nm:!y l T<!:&•5t>©£ll^H;T 
£>. 

[0 0 2 4] jS^«®±«{Cjl-&LT^fe^U^JIiB 50 
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^Msnxn5t,©^sn, z\<D&wm 1 ommt 

ommMtte&o fffljf ©JP£ri*0. 5nm*^Tti« 

[0025] ±iem5i. ^2<o«it«. ^■mtm-sm 

(DmZ&O. 5nm£LL, 5 nmaTt'^S *>©*</£:& 
[0 0 2 6] g;fc, <*fSe>©#litt>, M^Sifett^ 

[0 0 2 7] dCT^^S-^BSfctiig^gi^Wetc 

SSlat % 5g ATi$A^S ni. f ft 

ilf£ 0. 5 a t %£TF#J;V>. 

[0028] iiEixfcjB^JB. ^mmnm-z^umz. 

TEM/TED, EDX, SIMS, AES, XPS6 
[0 0 2 9] S^HSfc«^^@it>WS(C-& 

mnzmmmmizmi-Tii. «T©#fe&t*T##r-?# 

-5. 

[0030] st. &imm&mw.mmtj;z-cmmi^ m 

mo. 1 £©JP£ttjgW5<!:;|#3?©& 

a*£^£#[6]©:fr#r£frft-5. ^-^--TSTcSite, ^ 
*. +M»«^tE^, ^IHH^TcSt, S««^5cm-C 
&Z>o ffflJl, JB^JB-Ctt, *W«W!|s|-#iJLj#©##£ 

«fi)t7C^©fl:t. £©&&K:tfcttiSft-5&5!t©fi«i:#> 

&£©¥^MfcIgm8&£3fc«>iE>ftS. £©##?:# 
ffitt, XPSnHSTW, SIMSTIt 
&AE S^>X P ST'ffifiK^fiJoT^^ U77l/>Xi&# 

[0 0 3 1] SP***®{C5<-ySS*«3 0 0 OJJUt. 7 

o o o&rF<Dfc&m&miz>£z\z*mm&mmT2>iz 

#i«S^fc©«£j&^t><fcD^o^5SS<&-5. L-fe^o 

•?m&3 o o ofit±o«*«{c*«ifisiifflT*t, g£ 
#»b#b»t*o ferula, ttttvaff^ojiiifc 

?S43, 3 0 0 0 kg f /mm' 

ULt, 7 0 0 0 kg f /mm' KTtt?>. 
[0 0 3 2] £Ut, ^*^i«Mi:©»®«ifi$r«f^(C 

[0 0 3 3] *«WK:*fta«*J«»4. s p 3«ifi<&- 



( 4 ) 

5 

J^T. fEMkKfcm. T=E)l>7 7X*-*> (a-C. a 
-C : H) . i -C • » . ^'f-V^E>K 

t£0<^ (Diamond like carbon;D 
LC) . SSS$ (hard c a rbon) &ftt) 

8oo~8ooo tMmm-c. wtm&&i>m<<\ <o 
te^&mztt-r2>Bmm®i&i&<. m%tt%m<* mm 

[0 0 3 4] ##t3flBltt» Ht)i05yi't ; t>F«!:BS 
ey*-xw«-c«i9 0 0 OkLtTfc-S. *^MIU#H> 

y-ft ; £>HTttl 3 3 3 cm-'ftiSCy-f 

1 3 5 0 cm-' ttifti: 1 5 5 0 cm 1 ttiffiKSM — 2 H 
cm"' OJEVitr-^^jg^^-r. JHSf*tt. X-f"*'^ 20 
Ftt2. 4gflET*S*«. 7~2. 3© 

IH©«£i:*. ftlt<!>*jftM&<b. Xf -f*:>h*14 7 0 
0t^±, — «fc»4 8 0 0*Ca>S 1 0 0 0*C£t_kTefc<3 
38«, ^^tt4 5 OtttT. — &IC143 0 O'CUTFT 

35fX»4#AbJ5:lr>03W— jRMT**. 30 
[0 0 3 5] 

[0 0 3 6] 

it. «*K©JKW*|r«|l tfmtbfc. 

[0037] B, Ai, Si. GeWflT^^h 
o>X/t>>^U >if&-Q* T i , V, Crfi^MT-^ 
-f =*>Xl'-T---r >yfeT, Zr, Nb, Mott-f*> 40 
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mxmX'. Hf, Ta, WlJl/-tf-77l^-y 3 >S 
T^jfcbfc. 

[0 0 3 8] ^ i P^v^ha>x>'^->'5'U>yj*-u 

jtmiciieo&js^-y* h^jgfflu/i. gate* 

(C147>»U^>^XS:#AL. ^-Yy hCftOiijtte 
&9ftlbT;tt«&9g£3tt&. $—tfy h^®<t0X/t 
y^Sn^X-7«t»T?Sttfl:Lfc*«-f*>3&t. ft left 

[0 0 3 9] AV- r ! 7-f-1 , t>^U-T^ >i^ffiT 
14, W3Mz.±.WOM9—Vv b&mmisft. 
blzfk<D&®:&$iMlsTT-{?1&n&m±2it. ^©x 

»±cjH»sng-&ji*»«bit. 

[0 0 4 0] -f:*->ffiAttTtt. -f D±K©& 
JB'f*>*«ttfcfl8»b. S£Ji*JE&«L£. 

[0 0 4 1] V— tf-7XU-v-3>j*T14. JM4£-h 
KO&JH^-X'y HfcaUflbJfc. i?—?y HCU— tf- 
SHMtbT^X^*— T?*ffi©&JH*»SS • X^X 
v{fcb. ftfcBHiobfcattiKdUllbfc. 

[0 0 4 2] -f*>ffiXte-Cai^JH*»J«bfct)Ott-t 

[0 0 4 3] ?^ha>X/^'^U >X£T14» Mlpf 
>*-X<y h£jifflLfc #S^«t>l'14TJl,^ 
>#X£fcl47Jl^>i^>©g^#X£igAU ^ 
— Xy h«Cft©it«[ttJEE2-Sl]!)DbT^«Sr%*.$i±^:. 

h*ffi«t0XAy^$nXyX-7«fTffi1tftb 

**-f t>itfc fc3t«±TK* Alt bfc. 

[0 0 4 4] f#e.txfc^M(cKbT. 

±K:iaS6«*l(l*K«bfc'b©K:t?HT ! b|3I«ottKk* 

ft. 

[0 0 4 5] 

[*1] 
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n m 


« 






B 


2.0 


5.6 ! 




XHSISICDII 


A 1 


2.5 


6.2 


mmm-3 


X5^1xX«SUS3Q4 


S i 


2.5 


6.5 


mmw-4 


X^>UXfl|SUS304 


Ge 


2.0 


6.3 






T i 


1.0 


8.5 


*tt«1-6 




V 


2.0 


8.0 


St««1-T 




C r 


2.5 


6.8 


nmm-s 




Z r 


3.0 


5.0 






Nb 


2.5 


4.6 


S*»«1-I0 




Mo 


3.5 


4.9 


JUMJ1-11 


#9X 


Hf 


2.0 


5.2 


*tt«1-12 


*r^x 


Ta 


3.0 


5.8 


Htt«1-13 




W 


2.5 


5.2 


|g— 


XJWISKD11 


T i 


ill 




*tt«1-H 


XJU8SKD11 


V 


0.8 


7.0 


*»«1-15 


XJMSSKH51 


C r 


2.5 


8.9 




XJW1SKH51 


T ! 


5.0 


7.4 


3S*W1-1T 


X^VUXttSUSSlM 


V 


7.5 


4.1 






C r 


asisc; = c;; 

10 


,r : 1. 9' : iiiiHl 



[0 0 4 6] «^Ji3&»»*'bOta»c«^6 1 0«©»X 
[0 0 4 7] 

[0048] B. A 1 , Si. GeitU—^—yyu- 
~>3>mT\ Ti, Zr, Hftt*¥IlY^hD> 

X*. Cr, Mo, W«|S©T-^-1'^->^l/-^'C>^ 

[0 0 4 9] ^^^ASTl^IMLfcfeffliJ-? 40 



[0 0 5 0] fl^nfcR^IlCiLT. u>^-^->- 

Sfr&ofc. S^ScDJ?^. ffflHSr^J* 

C»-r*fi^lB€«Wfc«*JKOfl«iT©P*|IB©lt 

[0 0 5 1] 
[S2] 



( 6 ) 0 0 3- 7 3 8 0 8 
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am 
*m 


»<* 


wis 


nm 


n m 


n m 


m 






2.0 


B 


2.5 


4.5 


6.0 






2.5 


A I 


3.0 


5.5 


5.8 


mmm-3 




1.5 


S i 


2.0 


3.5 


6.3 






2.5 


Ge 


3.5 


6.0 


6.3 


mnmz-5 




1.5 


T i 


2.5 


4.0 


6.2 


SSttW2-6 




3.0 


V 


5.5 


8.5 


6.6 




XJWBSKrei 


3.5 


C r 


2.5 


6.0 


9.5 


mmm-8 


XJIflSKDII 


2.0 


Z r 


5.5 


7.5 


8.8 




XJMHSKD11 


4.5 


N b 


4.5 


9.0 


7.5 


3t*«2-10 


27>PZ0|SUS3O4 


1.5 


Mo 


2.5 


4.0 


8.2 




ZfyVlSlSUS304 


3.0 


H f 


2.0 


5.0 


8.3 


mtum-n 




0.8 


Ta 


1.7 


2.5 


7.9 


*««2-13 




1.0 


W 


3.0 


4.0 


8.8 




Xf>trZfi|SUS304 


lip 


T i 


mi 


0.4 




*tt«2-14 




0.6 


V 


0.9 


1.5 


7.5 


H»fiJ2-15 


X#|flSKD11 


2.0 


C r 


2.5 


4.5 


9.3 


Stt«2-16 




4.0 


T i 


5.0 


9.0 


8.5 


X««2-17 


XHSi$KH51 


8.5 


V 


Mi 


15.5 


4.1 




XA&ISKH51 


8.5 


C r 


14.0 


22.5 





[0 0 5 2] ig^«36«&St>©«»flS^e. 1 OfgCD»:\ 
[0 0 5 3] 



[0054] m-e?m&£zf'pfflmo>¥-t%mmmmt. m 
[0 0 5 5] mzntz&mtz-o^T. xz^y^umiz 

[0 0 5 6] 
[31 3] 





mm 




♦Mil 




mm 


*m 


MX 






n m 


n m 


a t 9€ 


N 


MMU-1 


SKD 1 1 


T 1 


2.5 






6.5 




$u*«3-2 


SKD 1 2 


T i 


3.5 






2.5 


11 


3BM13-3 


SKD 1 3 


T I 


2.5 






t.O 


45 


Jt»«3-4 


SKD 1 4 


T i 


2.0 






0.5 £TF 


68 


MM» 


SUS 3 0 4 


C r 


3.5 


C r 


2.0 


5.5 


2 


Htt«3-6 


SUS 3 0 5 


C r 


4.0 


C r 


3.5 


3.0 


6 


H««3-7 


SUS 3 0 6 


C r 


2.0 


C r 


2.5 


0.8 


21 


*««3-8 


SUS 3 0 7 


C r 


2.5 


C r 


2.0 


0.5 £TF 


28 



11 

[0057] mmmm*m^*<D&£Mmffi&&n^z 

[0 0 5 8] 

1. 5/zmTSSlfco Crg§12nm, C r ^RflB 
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[0 0 5 9] ^«O^-y®S^^a^C0^McD^ 

[0 0 6 0] 
[«4] 





S *t 


as 






*ra 


3t»H4-1 


XRSISfOCI 


900 


as? 


A*? 


*«W4-2 




1200 


An 


At? 


*tt«4-3 


XASISKH51 


2100 




AH 


5*Jfc«4-4 


xnasioei 


3100 


mmm 


AS? 


JS*t«4-5 


XJMRSKH51 


4300 




AST 


S8BW4-6 


IHSISKH51 


5200 




AS? 


£*«4-T 


UUHSKH51 


6500 




AS? 


MMW-8 


IASISKH51 


8000 


Bsnkftcitit 


AS? 



[0 0 6 1] 2f£-Jf. 4>WJl;!i**8^fcC9te. IS2 8 0 

o &>±Tmffl-fr&*>ftfrrf. u&m. tpmmtf 

[0 0 6 2] 

flt$0. 5nmHL 1 0 n m^T«)ffi< »^jS£-B£ 



20 »iftOiBXttSJRHWlCi«a&*c<t«»nIIE«ca*. 

[0 0 6 3] jg^B©ifI££:0. 5nm£Ui. 5nm£l 

ft. m^m^m^m^mm(D^mmm^ 1 a t % 

[0 0 6 4] ^-yift^3 0O0H±, 7 0 

0 0£iT©^IK*l9:W«.t>(Dtt, dCD%Hjcr>iiffl$6H 

30 fc-s. 



F^-A(##) 4G046 CB03 CB08 CC06 

4K029 AA02 AA04 AA07 AA09 BA34 
BA64 BB02 BD05 EA01 



